Although epithelial-like somatic cells have been previously isolated from semen, cell proliferation rates were low. Culture of whole semen samples resulted in loss of potentially valuable spermatozoa. The aims of the present study were to: (1) isolate somatic cells from semen, while preserving sperm viability, and (2) optimize in vitro culture conditions for semen-derived epithelial cells. Density gradient centrifugation of washed ejaculates of two rams (Ovis aries) (n ‫؍‬ 24) and one eland bull (Taurotragus oryx) (n ‫؍‬ 4) was performed using a threelayer discontinuous Percoll column consisting of 90% (P-90), 50% (P-50), and 20% (P-20) Percoll. In vitro culture and Trypan Blue staining indicated that live somatic cells settled in the P-20 layer. Nonmotile spermatozoa were recovered at the P-50 and P-90 interfaces, whereas motile spermatozoa were collected in the pellet from the P-90 layer. Subsequently, somatic cells isolated from the P-20 layer were plated either on inactivated 3T3 mouse embryonic fibroblast feeder layers, collagen-coated plates with 3T3 feeder cell inserts, or on collagencoated plates. Initial somatic cell plating was similar among treatments, but proliferation significantly increased when cocultured with 3T3 cells (feeder or insert). Furthermore, two different types of epithelial cells were obtained. The exact origin of the cells in the male reproduction system is uncertain and probably variable. The present method of cell isolation and in vitro culture may be of value for preserving endangered species. Specifically, cells isolated and cultured from cryopreserved semen of nonliving males could be used for producing embryos by somatic cell nuclear transfer. 143 
INTRODUCTION I
N ADDITION TO SPERMATOZOA, semen contains leucocytes and sloughed epithelial cells from the male reproductive ducts (Gorus and Pipeleers, 1981; Makler et al., 1998) . These somatic cells are diploid, and therefore, could be used as karyoplast donors for nuclear transfer procedures (Gómez et al., 2004; Janssen et al., 2004; Lanza et al., 2000; Loi et al., 2001; Wilmut et al., 1997) . Somatic cells from stored semen could be especially useful when there is no other source of donor cells available from genetically valuable animals. Epithelial cells have been successfully isolated from human semen (Phillips et al., 1978) . Similarly, we isolated somatic cells from whole semen of rams and eland antelope (Nel-Themaat et al., 2007) . However, our previous experiment did not involve separation of epithelial cells before culture, and thus, potentially valuable sperm cells were lost in the process.
Cell separation by density gradient centrifugation has been widely and effectively used for isolation of various types of cells. Examples in which Percoll was successfully used to isolate cells include: Leydig cells (Schumacher et al., 1978) , various types of leucocytes (Gutierrez et al., 1979; Ulmer and Flad, 1979) , erythrocytes (Rennie et al., 1979) , epithelial cells (Carballada and Saling, 1997) , endothelial cells (Bowman et al., 1981; Nees et al., 1981) , tumor cells (Bosslet et al., 1981) , and spermatozoa (Gorus and Pipeleers, 1981) . Although Percoll is commonly used to separate motile from nonmotile spermatozoa and other seminal cells (Gorus and Pipeleers, 1981; Makler et al., 1998) , there is no indication that it has been used previously to harvest a specific type of somatic cell from semen.
Previously, we observed low proliferation rates of semen-isolated somatic cells, mainly due to suboptimal in vitro culture conditions (NelThemaat et al., 2007) . Epithelial cells require specialized culture conditions for optimum proliferation, as opposed to fibroblasts that are considered relatively easy to culture (Freshney and Freshney, 2002) . Inactivated 3T3 mouse fibroblasts are frequently used in coculture systems with many types of epithelial cells (Freshney and Freshney, 2002) . Cells of interest can be either plated directly on the feeder cells, or cultured in preconditioned medium that feeder cells were cultured in (Kabalin et al., 1989) .
Therefore, the purpose of the study was to (1) isolate somatic cells from ram (Ovis aries) and eland (Taurotragus oryx) semen while preserving viable spermatozoa by Percoll gradient separation, and (2) to optimize in vitro culture conditions for epithelial cell proliferation. Isolation and culture of somatic cells from semen could be of value for endangered species conservation when used for biological resource banking and nuclear transfer procedures. By separating viable spermatozoa before culturing, these can still be used for artificial insemination, in vitro fertilization, and storage.
MATERIALS AND METHODS

Experimental design
During the first experiment, the four treatments represented cells that sedimented through different Percoll fractions: (1) 0%, (2) 20%, (3) 50%, and (4) 90%. For each fraction, the line of suspended particles that formed in the interface between the fraction of interest and the underlaying fraction was aspirated. For each treatment, the number of attempts in which cells (a) attached, (b) divided, and (c) proliferated were recorded. A total of 24 replicates (semen collections) from two rams and four replicates from one eland bull were performed. No direct comparison was made between the two species.
In the second experiment, isolated somatic cells were cocultured using three different treatments:
(1) on a feeder layer, (2) culture well insert, and (3) collagen. For each treatment, only the P-20 fraction was plated and (a) cell attachment, (b) division, (c) proliferation, and (d) proliferation after passage was measured. A total of 20 replicates (ejaculates) from two rams and two replicates from one eland bull were performed in this experiment. The cell cultures obtained were then evaluated by immunocytochemical detection of cytoplasmic proteins and by morphology to determine cell types obtained from the different coculture groups.
Cryopreserved semen of four ram and four eland ejaculates were also cultured based on results from the coculture experiment. Origin of the resulting cell cultures were determined by DNA microsatellite analyses.
Animals
Mature Gulf Coast Native (GCN) rams (n ϭ 2), from the Louisiana State University Agricultural Center Sheep Research Unit in Baton Rouge, Louisiana, and an eland bull (n ϭ 1) were housed at the Freeport-McMoRan Audubon Species Survival Center (FMA-SSC) near New Orleans, Louisiana. The two rams (a 2-year-old and a 6-year-old) with body condition scores of 4 and 3 (on a scale of 1 to 5), respectively, were fed once daily (Purina Show Chow lamb ration with Bermuda grass hay always available). The 7-yearold eland bull (ϳ530 kg) was also fed once daily (Purina ADF-16 Herbivore Feed). All animal procedures were approved by the Institutional Animal Care and Use Committee of the Audubon 
Chemical reagents
Chemicals were purchased from SigmaAldrich Chemical Company (St. Louis, MO), unless otherwise stated.
Semen collection and processing
Rams were allowed to acclimate for 7 days after arrival and a "cleanout" ejaculation was performed before semen was collected for the experiment. Ram semen was collected by electroejaculation (Evans and Maxwell, 1987) , while eland semen was collected by a combination of rectal massage and electroejaculation (Wirtu et al., 2002 (Wirtu et al., , 2007 . At each collection, two ejaculates were obtained from each ram with 20 to 30 min of rest between ejaculates and at least 3 days between collection procedures. Two ejaculates were obtained from the eland male on each collection day, 2 weeks apart. The intercollection rest period was greater for the eland bull, because the animal had to be sedated at each collection, which could be a health risk for the animal if performed at higher frequencies.
Fresh semen samples were allowed to cool to 30°C before dilution with Salamon's ram semen extender (1:1; v/v) containing 36.34 mg/mL of Tris {hydroxymethyl} aminomethane, 5 mg/mL of glucose, 19.9 mg/mL of citric acid (Mallinckrodt, Hazelwood, MO), 1000 IU/L of penicillin-G, and 1 mg/mL of streptomycin sulfate, without egg yolk and glycerol (Evans and Maxwell, 1987) . Samples were allowed to cool to room temperature (ϳ22°C) before further extension to a total volume of 10 mL. Extended semen was centrifuged for 10 min (500 ϫ g), washed twice with Ca 2ϩ and Mg 2ϩ -free Dulbecco's phosphate-buffered saline (DPBS, Gibco, Grand Island, NY) and the pellet resuspended in 2.5 mL of Minimum Essential Medium alpha medium (␣-MEM; Gibco) supplemented with 15% newborn calf serum (NCS), 1% MEM nonessential amino acids (NEAA), 5% penicillin/streptomycin (Pen/Strep; Cellgro, Herndon, VA), and 250 g/mL of gentamicin (Gibco).
Cell isolation by Percoll gradients
Gradient columns consisted of 2.5 mL each of 90% (P-90), 50% (P-50), and 20% (P-20) of Percoll (Fluka Chemie GmbH, Steinheim, Sweden) diluted in DPBS. Columns were layered in 15 mL conical tubes in the order listed above. Each washed semen sample (2.5 mL) was layered carefully on top of the Percoll gradient and centrifuged at 400 ϫ g for 20 min. Then, each layer and the interface band was collected by careful aspiration using a sterile Pasteur pipette. All fractions, including the supernatant containing 0% Percoll (P-0), and the pellet in the 90% fraction, were washed as described above and resuspended in ␣-MEM before plating on 35-mm collagen Type I coated (10 g/cm 2 ) cell culture dishes.
After centrifugation, 20 L from each fraction were diluted with an equal volume of Trypan Blue to determine the membrane integrity of the somatic cells collected. Sperm motility was evaluated visually under light microscopy at 200ϫ magnification by estimating the percentage of progressively motile cells in three different fields of view. Morphology was assessed visually at 400ϫ magnification by determining the percentage of spermatozoa that had apparent abnormalities (i.e., coiled or bent sperm tails).
Culture of somatic cells with mouse feeder layers
Cultured 3T3 mouse fibroblast cells were inactivated by exposure to 30 g/mL of mitomycin C in ␣-MEM for 90 min. Then, aliquots were resuspended in freezing medium consisting of ␣-MEM supplemented with 10% dimethyl sulfoxide (DMSO) and cooled at 1°C/min to Ϫ80°C (Mr. Frosty; Nalgene, Rochester, NY) before storage in liquid nitrogen (LN 2 ). The day before the feeder layers were needed, cells were thawed and plated at 20,000 cells/cm 2 (1) in the first two wells of a collagen coated six-well insert companion culture plate (feeder layers), (2) in the second two wells on polyethylene terephthalate membrane culture inserts (1-m pore size; inserts), while (3) the third two wells remained without feeder cells (collagen) (Fig. 1) .
The P-20 layers of semen samples from the first or second ejaculates of the day were divided into three aliquots before plating on the first or second row of wells of prepared feeder plates, respectively. Culture dishes were placed in a humidified incubator at 38.5°C in 5% CO 2 in air. After 24 h, wells were rinsed three times and cultured in ␣-MEM containing 1% penicillin/streptomycin solution for a final concentration of 100 IU/mL of penicillin and 0.1 mg/mL of streptomycin. Culture medium was changed every 3 to 4 days and dishes were searched for cell attachment (A; one or more single cells were attached to the culture surface), division (D; small groups of two to six cells that resulted from single attached cells that divided at least once after attachment) and proliferation (P; colonies of cells that resulted from cells attaching and dividing enough times to form colonies that covered at least ϳ0.5 cm 2 ). When colonies reached ϳ0.5 cm 2 , subpassage was performed by incubation in Versene 1:5000 (Gibco) for 10 min, followed by incubation in 0.125% trypsin in DPBS until cells were detached from the culture surface. When confluency (P1) was reached, cells were cryopreserved and stored in LN 2 .
Isolation of somatic cells from cryopreserved semen
Semen samples that were cryopreserved previously in independent projects were used. Five straws (total volume ϭ 2.5 mL) from single ejaculates of four rams that were frozen in extender containing egg yolk, and four ejaculates from one eland bull that were previously cryopreserved in either milk or egg yolk extender, were thawed and processed on Percoll gradients as previously described. Cells from the P-20 layer were plated on collagen in the presence of 3T3 inserts. Cell attachment (A) and proliferation (P) were assessed as previously described, and cell morphology was assessed and recorded.
Immunocytochemical detection of cell types
Cells for immunocytochemical characterization were plated on collagen-coated culture chamber slides (Biocoat, Becton Dickinson & Company, Franklin Lakes, NJ) at first passage and cultured until several colonies were visible. Cells were then fixed for at least 12 h in paraformaldehyde (PF, 3.7% in DPBS). Slides were sealed with Parafilm and stored at 4°C until further processing. Epithelial cells were identified by the detection of cytokeratin, as previously described (Sun and Green, 1978) , with only slight modifications. Briefly, cells were permeabilized for 10 min in 1% Triton-X diluted in phosphate-buffered saline (PBS-T), rinsed twice in 0.1% Tween 20 in PBS (PBS-T20), and stabilized with 0.1 M glycine solution. Then, cells were either incubated in PBS-T20 containing primary guinea pig anti-keratin (1:20) or in primary mouse antivimentin (1:200) for at least 2 h on a platform shaker, rinsed three times in PBS-T20, and incubated with secondary antiguinea pig IgG conjugated either with Alexa Fluor ® 594 for keratin (1:200, Molecular Probes, Inc., Eugene, OR) or with antimouse IgG conjugated with fluorescein isothiocyanate (FITC) for vimentin (1:60) for 1 h.
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Positive controls to test for the staining protocol were from each respective cell culture and were labeled with mouse anti-␤-tubulin and antimouse IgG TRITC conjugate, whereas negative controls were incubated with only the secondary antimouse or antiguinea pig conjugated antibodies, but no primary antibodies. Cells were rinsed and incubated in 20 g/mL of Hoechst 33342 to stain nuclei, before three additional rinses in PBS-T20. Finally, chambers were removed, slides were covered with FluoroGuard™ antifade reagent (Bio-Rad Laboratories, Hercules, CA) and a coverslip was mounted before examination by epifluorescence microscopy.
Genetic analysis to determine origin of cells isolated from cryopreserved semen
The species identity of the cells that were isolated from the cryopreserved semen was genetically verified by genotyping with specific species-derived microsatellites. Because the epithelial cells were exposed to egg yolk in the freezing medium and cocultured on mouse fibroblast 3T3 cells, DNA from the eland and ram epithelial cells were genotyped with microsatellite markers derived from cattle, chicken, and mouse cells. To determine the genetic status of the established eland cell cultures, DNA was extracted from a blood sample and cells from the semen sample of the eland sperm donor using a Qiagen DNAeasy Kit (Qiagen, Valencia, CA).
DNA was also isolated from a blood sample of a second, unrelated eland. Fourteen microsatellite markers (BM1818, BM1824, BM2113, BRR, CYP21, ETH10, ETH225, INRA023, RM006, RM067, SPS115, TGLA122, TGLA126, and TGLA227) that were derived from cattle were tested for efficacy in the eland (www.isag.org. uk/ISAG/all/02_PVpanels_ LPCGH.doc) (Bishop et al., 1994; Creighton et al., 1992; Kossarek et al., 1993a Kossarek et al., , 1993b . These markers were fluorescently labeled for analysis with ABI instrumentation (Applied Biosystems, Foster City, CA). Then, ϳ10 ng of genomic eland DNA (2 L of extracted DNA) was used per 10-L PCR reaction. Amplification was considered positive for markers that amplified in the control DNA sources and produced the same size products in the epithelial or fibroblast DNA sources. Genetic analysis of the cell cultures confirmed the identity of each cell culture.
Statistical analysis
Fisher's exact test was used to determine any differences of attachment, division, proliferation, and cell proliferation at P1 among Percoll fractions and feeder layer treatments. p-Values less than 0.05 were considered significant in this study. Statistical analyses were performed using the Graphpad Instate software (Graphpad Software, Inc., San Diego, CA).
RESULTS
Cell isolation by Percoll gradients
After centrifugation of semen through Percoll gradients, three interface bands were obtained between fractions, and a pellet was formed at the bottom of the tube. Different types of somatic cells and spermatozoa were collected at each interface band (Table 1 ). The P-0 fraction contained mostly flat, angular-shaped cells that frequently appeared as sheets and stained blue with TP (damaged membrane or dead cells) ( Fig. 2A ). In the P-20 fraction, cells appeared smoother, threedimensional, and a larger portion of the cells remained unstained by TP (intact cell membranes) (Fig. 2B) . Few spermatozoa were found in the P-0 and P-20 fractions. In the P-50 fraction, somatic cells were smaller, elongated, and stained blue with TP (Fig. 2C) . Most spermatozoa in this fraction were nonmotile and had coiled tails. The P-90 fraction contained a high concentration of progressive motile spermatozoa, and no somatic cells were observed (Fig. 2D) .
Motile spermatozoa from the P-90 fraction placed in culture, readily attached to the collagencoated surface of the culture dish and appeared to move synchronously in the direction of attachment, causing currents and swirling movement in the culture medium. Nonmotile spermatozoa or debris present in the P-90 fraction were rapidly flushed around in the culture dish as the currents increased, with additional spermatozoa attaching to the culture surface. Some spermatozoa remained attached
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to the culture dish surface after motility ceased, while other spermatozoa remained motile until medium was changed 24 h later. Table 2 is a summary of the total number of ram and eland culture attempts from which somatic cells attached, divided, and proliferated from each Percoll fraction after plating on collagen-coated cell culture dishes (Fig. 3) . Typically, the number of colonies obtained per ejaculate ranged between zero and five, although initial attachment of cells ranged between 0 and 10. For rams, the percentage of somatic cell attachment to the culture dish (42%) from the P-20 fraction was similar to the percentage of attachment from the P-50 fraction (21%), but significantly greater (p Ͻ 0.01) than that of the P-0 or P-90 fraction (4% and 0%, respectively). Of cultures with attached cells, 100% (P-0), 50% (P-20), and 20% (P-50) showed cell division, while only cells from the P-20 fraction proliferated and formed colonies (30% of attempts in which cells attached). The majority of the ejaculates that resulted in cell attachment were from the younger ram (70%, data not shown), although division and proliferation did not appear different between rams.
For eland, somatic cells isolated from the P-0 and P-20 fractions resulted in cell attachment (25% and 75%), division (100% and 67%) and proliferation (100% and 67%), respectively, whereas no cell attachment was observed from the P-50 and P-90 fractions.
Culture of somatic cells with feeder layers
The rate of attachment and division of somatic cells isolated from the P-20 fraction were assessed for the insert and collagen treatments and not for the feeder cells treatment. In the feeder cells treatment, it was not possible to distinguish single cells and small colonies of epithelial cells among feeder mouse fibroblast cells. Therefore, the feeder cells treatment was evaluated only for proliferation and passages. The number of cells that attached per culture well ranged between zero and five (0 to 15 per ejaculate). On average, ejaculates from the younger animal yielded approximately double the amount of cell attachment of that from the older ram across all treatments (data not shown). In fact, proliferating cell cultures were obtained from every ejaculate from the younger animal; whereas, only 6 of the 10 ejaculates from the older ram resulted in subsequent cell cultures. However, division and proliferation was not different between rams. Also, there was no change over time in the number of attempts in which cells attached.
For rams, no statistical differences were detected for attachment of somatic cells cultured on feeder inserts (80%) or collagen (70%); however, a higher percentage of cell division (80%) was observed on the feeder inserts compared with cells on collagen (35%) (p Ͻ 0.01) ( Table 3) . After division and first passage (P1), cells continued to proliferate at similar rates on the insert and feeder cells treatment (60% and 70%, respectively) and at higher rates than in the collagen treatment (10% and 5%, respectively). Cells that proliferated and continued dividing after P1 were small colonies of epithelial-like cells that pushed fibroblast cells aside as the colonies expanded (Fig. 4) .
Cell attachment, division, and proliferation occurred in all treatments for both eland replicates. Most cells from the feeder cell treatments that were passaged at P1 continued proliferating, Fig. 2A) 
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P-20
Round, intact membranes (Fig. 2B ) Negligible P-50
Smaller, elongated, more non-intact Abnormal, nonmotile and nonmembranes (Fig. 2C) progressively motile P-90
Cells not visible due to high Progressively motile and normal spermatozoa concentration morphology ( Fig. 2D) P-0: Percoll fraction contained 0% Percoll. P-20: Percoll fraction contained 20% Percoll. P-50: Percoll fraction contained 50% Percoll. P-90: Percoll fraction contained 90% Percoll.
while only 50% of the collagen treatment group proliferated after P1 (Table 3) . Morphology of eland cell colonies (Fig. 4D) was comparable with that of ram cell colonies (Fig. 4A-C) . For cells from both species, established colonies cultured without feeder cells sometimes ceased proliferation, developed a flat enlarged morphology and became senescent. Epithelial-like cells of various morphologies and sizes were observed among replicates and treatments, as well, as within some replicates.
Isolation of somatic cells from cryopreserved semen
Somatic cells attached in all four culture attempts from both the ram and eland semen samples (Table 4) . For the ram semen, cells proliferated in all four samples, whereas only in two of the four eland culture attempts did cells proliferate. Of these, only one cell culture from ram ( Fig.  5A ) and one from eland (Fig. 5B) semen showed epithelial morphology, while the rest of the ram and eland semen cultures were fibroblast-like. Results from DNA microsatellite analysis indicated that all the fibroblast-like cells from both cryopreserved ram and eland semen were of murine origin and therefore, likely 3T3 mouse fi- with bovine markers (effective for testing eland), but did not match the eland bull genotype. It is likely that these cells came from the milk extender used for cryopreservation. Chicken DNA con- 
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FIG. 3. Semen-derived somatic ram cells attached (A), dividing (B)
, and proliferating (C) on collagen-coated surfaces under Hoffman modulation microscopy.
tamination from the egg yolk extender was not detected.
Cell characterization by immunocytochemical protein detection and morphology
Cells that contained keratin fluoresced red (Alexa Fluor ® 594), those that contained vimentin fluoresced green (FITC), and positive controls stained positive for ␤-tubulin and fluoresced red (TRITC). Negative controls did not fluoresce or had only very faint autofluorescence. All cell nuclei were counterstained with Hoechst 33342 and fluoresced blue. Immunological labeling results and morphology assessment of isolated ram semen cell types are given in Table 5 . All ram cells cocultured on 3T3 feeder cells, with inserts or on collagen, expressed keratin, indicating that these cells were of epithelial type. a Number of ejaculates from which five semen straws were processed. b Number of ejaculates from which cell attachment was observed in culture. c Number of ejaculates from which proliferation was observed in culture. d Number of ejaculates from which obtained cells had epithelial morphology. All fibroblast-like cell lines tested positive with mouse markers and were 3T3 fibroblasts.
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e Species of origin of the semen-derived epithelial-like cells as indicated by DNA microsatellite analysis. Microsatellites amplified with bovine markers, but did not match the eland semen donor, while no amplification was obtained using mouse markers. Thus, the cells were likely from the milk extender.
FIG. 4. Epithelial (e) and fibroblast (f) cells observed during cocultures: small dividing colony of ram semen-derived epithelial cells on 3T3 feeder layer (A), large, proliferating colony pushing fibroblast cells aside as it expands (B), and confluent P1 cell culture with fibroblasts pushed into thin strands (C). Eland semen-derived epithelial-like colony plated on 3T3 feeder cells (D) (all Hoffman modulation microscopy).
Keratin was expressed highly by colonies of epithelial-like cells that formed a continuous monolayer with close contact between adjacent cells (Fig. 6A) . Similarly, colonies that formed a more loosely packed, discontinuous monolayer expressed high levels of keratin (Fig. 6B ). In contrast, expression of vimentin was low and only in small patches for continuous colonies (Fig. 6C) , whereas high vimentin expression was found in discontinuous colonies with small spaces between adjacent cells (Fig. 6D) . Vimentin expression for these colonies was localized mainly around the edges of the cytoplasm (Fig. 6D) .
Vimentin and keratin were both detected in 3T3 mouse fibroblast feeder cells. Therefore, keratin expression could not be used as an exclusive indicator for epithelial cells. The amount of vimentin expression of 3T3 mouse cells was much greater than the expression detected in continuous and discontinuous epithelial-like colonies of ram cells, and was distributed throughout the cytoplasm, where thicker and more defined microfilaments were detected. This expression pattern differed from those observed in epithelial-like cells, and therefore, vimentin expression, as well as morphology, were used as criteria for cell type.
Based on morphology, 88 and 93% of the cells isolated and cultured on feeder and insert groups, respectively, contained epithelial-like cells, whereas 38 and 43% contained fibroblast-like cells (regardless of overlapping). Only one cell culture cultured on collagen reached confluence and stained positive for expression of keratin, negative for expression of vimentin, and had epithelial morphology (Table 5 ).
Microsatellite analysis of established cell cultures
Chicken, eland, mouse, and sheep DNA was amplified with microsatellite markers that were derived from cattle, chicken, and mouse cells. The identity of the sheep and eland epithelial cells is supported by the DNA analyses as cattle markers amplified in these DNA sources. Two fibroblast cell cultures from the sheep did not amplify any markers, and the DNA appeared to be degraded. Two fibroblast cell cultures (one eland and one sheep) may be derived from mouse 3T3 cells, because mouse markers amplified in these DNA sources, but cattle markers failed to amplify. The DNA results suggest that crosscontamination of the cell cultures is minimal, because markers from more than one species did not amplify in any one DNA source. Chicken DNA contamination from the egg yolk extender was also not detected, although one cell culture had a very weak amplification of a chicken microsatellite marker, even though the control eland sample did not amplify this marker. The identity of the eland cells that amplified with bovine markers did not match the genotype of the donor eland, which is likely a result of contamination of milkderived cells from the semen extender.
DISCUSSION
In the present study, a system that effectively separated epithelial cells from ram and eland semen by Percoll gradient centrifugation was established. Viable epithelial cells were found in the P-20 fraction and in vitro cell proliferation was enhanced by coculture with 3T3 mouse embryonic fibroblasts. Using these procedures, somatic cells were also cultured from ram cryopreserved semen.
Successful Percoll gradient cell separation from mixed cell type suspensions using a single centrifugation has been demonstrated for blood (Segal et al., 1980) , bone marrow (Olofsson et al., 1980) , thymus (Salisbury et al., 1979) , and liver (Smedsrod and Pertoft, 1985) . Similarly, we were able, with a single centrifugation and gradient columns, to collect a population of mixed cells that settled at different densities and differed in size and morphology. Apart from rescuing the spermatozoa for further use in assisted reproduction, the main reason for developing a cell separating system is that motility from a high concentration of spermatozoa create currents in the medium and prevent attachment of somatic cells (Nel-Themaat et al., 2007) . Furthermore, energy sources in the medium may be depleted by the spermatozoa metabolism, and in turn, alter the pH of the medium, preventing proliferation of somatic cells.
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Motile and nonmotile spermatozoa were successfully separated and settled in the pellet and P-50 fraction, respectively, following centrifugation with the three-layer Percoll density gradient, as previously shown with Percoll (Sukcharoen, 1994) and other density gradient microbeads, such as Ficoll (Palomo et al., 1999) , PureSperm (Chen and Bongso, 1999) or Isolate (Allamaneni et al., 2005) . Cell separation is affected by motility and density, as well as cell size (Schumacher et al., 1978) and morphology (Yao et al., 1996) . These factors may have contributed to the differences in morphology between somatic cells harvested from the different Percoll layers (Fig. 2) , and spermatozoa harvested in the pellet and P-50 fractions.
The origin, within the reproductive system, of somatic cells isolated from ram and eland semen is unclear, but most likely, such cells are of mixed origin, type, and age. The rationale of this suggestion is based on the morphological and functional differences among areas or zones along the reproductive tract. For example, the six zones of the epididymis each possess cellular differences (Clermont and Flannery, 1970) and within each zone a mixture of cell types are found, including basal, secretory epithelial, endocrine, stem cells, and leucocytes (Clermont and Flannery, 1970; Dym and Romrell, 1975; Oatley et al., 2004) . Phillips et al. (1978) used human semen as a source of epithelial cells for in vitro culture, although the cell origin was not indicated. These cells were polygonal with typical epithelial characteristics and were not contaminated by fibroblasts. Others have collected epithelial cells from different portions of the male reproductive tract, including seminiferous tubules (Welch et al., 1979) , the ductuli efferentes (Byers et al., 1985) , different zones of the epididymis (Bassols et al., 2004; Joshi, 1985; Klinefelter et al., 1982) , prostate (Burleigh et al., 1980; Stonington and Hemmingsen, 1971 ), seminal vesicles (Mata et al., 1986) , bulbourethral glands (Shima et al., 1995) , and urethra (Petzoldt et al., 1994) .
Morphological descriptions and photomicrographs presented in previous reports correspond to the characteristics of epithelial cells observed in our study. Epithelial cells collected from different replicates did not always appear to be of the same morphological type, and occasionally cells of two different epithelial morphologies were present in a single culture, which contradicts the results reported by Phillips et al. (1978) , where only one type of epithelial cell was observed. Accordingly, our findings indicate that the specific origin of the cell population in semen is variable. Specific epithelial cell types could not be distinguished by the methods we used; therefore, further studies are needed to determine the specific origin and properties of the isolated cells.
Three different variables were chosen to assess cell status. Attachment or initial plating of cells indicated that the cells were alive, had intact membranes, and were able to adhere to the culture surface. Division, as defined above, indicated that the cells were mitotically active when they plated down and proceeded through mitosis at least once after plating. Proliferation, in this case, indicated that the cells were mitotically active for an extended period of time (1-2 weeks) and proceeded through several divisions in culture to form a colony. The significance of these variables differs in that the first two are more dependent on the initial status of the isolated cells, whereas the third will be heavily influenced by the culture conditions. Proliferation can therefore be a measure of the effectiveness of the culture system to sustain cell propagation.
Attachment of cells isolated from the different Percoll fractions was consistent with Trypan Blue staining and confirmed that most viable cells were isolated in the P-20 layer, although cells occasionally plated and formed colonies from the P-0 and P-50 layers. Even though a different cell type was obtained from the P-50 fraction that was smaller than cells from the other layers, such cells did not attach or grow on the culture surface. Likewise, no cells isolated from the P-90 layer attached or grew in culture. Clearly, the viable cells remained in the upper fractions of the gradient column. Furthermore, even if live somatic cells were in the pellet, it is highly unlikely that attachment could have occurred within the first 24 h of culture due to the currents in the medium caused by millions of progressively motile sper-matozoa also present in the pellet and the lack of access to the surface of the dish due to spermatozoa already attached. Also, because the somatic cells were mixed with a high concentration of motile spermatozoa, energy sources would be more rapidly depleted and, in turn, the metabolites could alter pH of the culture medium.
Most epithelial cells require specific culture conditions for optimum proliferation. Inactivated 3T3 mouse fibroblast cells are frequently used as feeder cells with many types of epithelial cells (Freshney and Freshney, 2002) . Cell proliferation and life span of several epithelial-type cells, such as those from the epidermis (Rheinwald and Green, 1975) , mammary gland (Taylor-Papadimitriou et al., 1977) , trachea (Gray et al., 1983; Lee et al., 1984) , thymus (Sun et al., 1984) , middle ear (van Blitterswijk et al., 1986) and prostate (Kabalin et al., 1989) have been improved by coculture with 3T3 cells. Likewise, in our study, cell proliferation was enhanced when semen-derived cells were plated directly on 3T3 mouse feeder cells or cocultured with 3T3 inserts compared with cells plated directly on collagen.
Fibroblasts improve the culture environment by secreting beneficial growth factors and altering the growth surface (Alitalo et al., 1982; Wu et al., 1982) . However, some epithelial cells also produce variants of extracellular matrix proteins in culture, (Alitalo et al., 1982) , which may partially explain why some epithelial cells can be cultured successfully in conditioned medium without surface modifications (Gray et al., 1983; Kabalin et al., 1989) . While conditioning medium before culture may provide the same benefits as coculture for some cells (Kabalin et al., 1989) , it has been suggested that the beneficial factors may have low stability in the medium and need constant replenishment by fibroblasts (Taylor-Papadimitriou et al., 1977) .
We did not detect differences between the two different 3T3 culture systems, suggesting that contact between fibroblast feeders and epithelial cells is not necessary for enhancing cell proliferation of semen-derived epithelial cells. Coating culture plates with collagen before plating the 3T3 fibroblasts may have promoted epithelial attachment, but further research is required to determine the specific role of collagen coating on cell proliferation. Constant presence of fibroblast for the duration of the culture was not necessary for the beneficiary effect of the 3T3 cells.
In the present study, proliferation of epithelial cells was similar between cells that were cultured on feeders and those that were separated from feeder cells by a membrane insert. Wyrwoll et al. (2005) demonstrated that 3 H-inulin diffuse freely through 1-m membrane pores in the absence of cells. However, when a confluent monolayer of human choriocarcinoma cells was present, this diffusion was terminated. If directional secretion by the 3T3 cells to the apical side occurred, the seeding density was low enough to leave some membrane surface uncovered and permit diffusion of the factors through the membrane pores to the basal medium compartment where epithelial cells were cultured. It is also possible that the 3T3 fibroblasts secrete growth factors bidirectionally, in which case these factors were released into the chamber beneath the membrane through the pores. Further research on directional secretion of growth factors by 3T3 cells may shed some light on this subject.
Immunocytochemical detection of cytoskeletal proteins revealed that all somatic cells from semen contained keratin, a positive indication of epithelial origin. However, 3T3 mouse fibroblasts also labeled positive for keratin and the supplier confirmed that these feeder cells dramatically crossreact with keratin antibodies. Therefore, keratin labeling could not be used to distinguish between feeder and semen-derived cells in culture. Inactivation of feeder cells is generally not 100% effective and, possibly, some fibroblasts may have proliferated in culture. Although highly unlikely, some fibroblasts may have migrated through the insert membrane and plated on the collagen-coated surface. It is, therefore, essential to be able to distinguish feeder cells from epithelial cells. Morphology and vimentin expression were examined to identify epithelial-like cells in semen. Fibroblast-like cells that stained negative for keratin were not observed, indicating that fibroblast-like cells were probably 3T3 cells and not fibroblasts from the semen donor.
Vimentin is known to play a role in epithelial cell migration (Gilles et al., 1999) , and this may explain the expression of vimentin in the more dissociated epithelial-like colonies. It is also possible that different populations of cells came from different regions of the male reproductive tract, or that other variables, such as age of founding colonies, caused the behavioral differences during culture. Epithelial cells are prone to change morphology, especially during suboptimal in vitro conditions. Epithelial-mesenchymal transition confers resistance to the apoptotic effects of transforming growth factor-␤ in hepatocytes, and is characterized by a more fibroblastic shape and a replacement of cytokeratin with vimentin in epithelial cells (Valdes et al., 2002) . It is, therefore, possible that vimentin expression observed in epithelial cells in the present study was acquired during culture.
Percoll isolation and 3T3 coculture were used to isolate somatic cells and obtain a proliferating cell culture from cryopreserved ram semen, a technique that previously had not been successful. Clearly, the improved system was beneficial for somatic cells from cryopreserved semen compared with our intitial efforts (Nel-Themaat et al., 2007) . DNA microsatellite analysis confirmed that one of the five cell cultures from cryopreserved ram semen, the only one with epithelial morphology, was indeed ram cells. The DNA results confirmed that the fibroblast-like cells from both ram and eland semen cultures were 3T3 cells. These results suggest that feeder cell contamination can occur through the 1-m membrane pores, because extra precautions were taken not to contaminate the semen-derived cells with 3T3 cells during medium changes. Therefore, it is important to establish a system where coculture can be eliminated, such as the use of conditioned or defined medium.
Another concern of using feeder cells is that some of the fibroblast cells may remain mitotic after inactivation, which may alter the culture conditions. This would be especially significant if the number of proliferating fibroblast cells differ between different replicas. During our experiments, the number of fibroblasts that remained mitotic were, if any, extremely low, because they never proliferated to an extent where they seemed to take over the culture (a common occurrence in mixed cultures). Instead, where fibroblast contamination in the chamber below occurred, very few fibroblast cells attached to the culture surface, and it is possible that these were live but nonprolific cells that migrated through the membrane pores into the chamber beneath. Nonetheless, eliminating feeder cells from the system would prevent such possible inconsistencies between replicates.
One epithelial-like colony was also derived from cryopreserved eland semen. Surprisingly, the microsatellite analysis indicated that the epithelial cells obtained from frozen-thawed eland semen were not from the eland semen donor, but amplified with bovine markers and not murine markers. Bovine milk was used as a cryopreservation medium for eland semen. However, milk to be used as an extender is heated to 95°C for 10 min to inactivate the toxic factors of its protein fraction (Evans and Maxwell, 1987) . It is remarkable that somatic cells survived such high temperatures and remained mitotically active. Another indication that these cells originated from milk was alveoli-like structures that formed in the epithelial-like colonies, which is characteristic of mammary epithelial cells (Rose et al., 2002) . Therefore, we are confident that the epithelial cells originated from cow mammary gland, and that they survived both the pasteurization treatment and the cryopreservation process. These findings should be considered for future semen freezing protocols. The reason that no cell cultures were obtained from cryopreserved eland semen remains unknown, but we speculate that the semen freezing protocol (cooling rate, freezing curve, etc.) used for ram semen freezing may be more beneficial for somatic cell survival than that of the bovine protocol used for eland semen.
In conclusion, we have established a system that effectively separated and supported in vitro proliferation of epithelial cells from semen. The culture system may be simplified by further research on growth requirements. Also, the elimination of feeder fibroblasts would improve practical application and prevent contamination of semen-derived cell cultures. The technique may be useful for obtaining cells for propagation of offspring by nuclear transfer of genetically valuable domestic and endangered animals. This would be especially useful for critically endangered species from small populations in which individuals often fail to reproduce naturally, and the application of assisted reproduction techniques is the only hope to reintroduce their genetics into the population. A vast collection of cryopreserved semen from domestic and nondomestic species exists in cryobanks worldwide. These are finite resources because a semen straw used for insemination cannot be replenished without additional collections from the donor animal. Frequently, this is not possible, because biological resource banks often contain material from deceased animals. In such cases, establishing somatic cell cultures from frozen semen could be the only way to ensure continuation of the genetic line.
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